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(54) SUBSTRATE TREATMENT APPARATUS AND METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent generation of watermarks 
during drying treatment in substrate treatment apparatus, and to 
provide a method for rotating and drying a substrate being rinsed 
by rinsing liquid such as pure water. 
SOLUTION: The substrate treatment apparatus includes a 
substrate-retaining means 1 for retaining a substrate W, a rotary 
drive means 2 for rotating and driving the substrate-retaining 
means 1, a supply means 332 for supplying the rinsing liquid toward 
the upper surface of the substrate W retained by the substrate- 
retaining means 1 , and a control means for controlling the rotary 
drive and supply means 2 and 332. In the control means, the rinsing 
liquid is supplied to the upper surface of the substrate W from the 
supply means 332, to form the liquid film of the rinsing liquid over 
the entire upper surface of the substrate W. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the substrate processor with which swing OFF dries the penetrant remover which was made to 
rotate the substrate which received washing processing at the predetermined rotational frequency for 
desiccation, and has adhered to said substrate from said substrate A substrate maintenance means to hold 
said substrate, and the rotation driving means which carries out the rotation drive of said substrate 
maintenance means, It has a supply means to supply a penetrant remover towards the top face of the 
substrate held at said substrate maintenance means, and the control means which controls said rotation 
driving means and said supply means. Said control means The substrate processor characterized by 
supplying a penetrant remover to the top face of said substrate from said supply means, and making the 
liquid membrane of a penetrant remover form in the whole top face of said substrate in advance of 
desiccation processing of said substrate. 

[Claim 2] While supplying a penetrant remover to the top face of the substrate held at said substrate 
maintenance means from said supply means in advance of said desiccation processing In the substrate 
processor according to claim 1 which is made to rotate said substrate at the rotational frequency for 
washing, and performs washing processing said control means The substrate processor which rotates said 
substrate at a rotational frequency lower than said rotational frequency for washing, and said rotational 
frequency for desiccation, and makes said liquid membrane form in the whole top face of said substrate by 
said rotation driving means while making a penetrant remover supply from said supply means. 
[Claim 3] When the rotational frequency of this substrate with which the centrifugal force which acts on 
the penetrant remover adhering to this substrate when rotating the substrate held at said substrate 
maintenance means, and the surface tension of the penetrant remover in the edge section of this 
substrate become almost the same is made into a critical rotational frequency, Said control means is a 
substrate processor according to claim 1 or 2 which rotates said substrate at the rotational frequency 
below said critical rotational frequency, and makes said liquid membrane form in the whole top face of said 
substrate by said rotation driving means while making a penetrant remover supply from said supply means. 
[Claim 4] Said supply means is a substrate processor according to claim 1 to 3 with which it has the nozzle 
which has the nozzle hole which turns and carries out the regurgitation of said penetrant remover to said 
substrate, and said nozzle hole serves as an abbreviation flat configuration in the one direction. 
[Claim 5] It is the substrate processor according to claim 1 to 3 which said supply means is equipped with 
two or more nozzles which have the nozzle hole which turns and carries out the regurgitation of said 
penetrant remover to said substrate, and carries out the regurgitation of said penetrant remover to said 
substrate in the state of band-like [ which said two or more nozzles are arranged in an one direction 
seriate, and is prolonged in said one direction ]. 

[Claim 6] It is the substrate art characterized by to have the washing process which supplies a penetrant 
remover to the top face of a substrate, and washes said substrate top face, the liquid-membrane formation 
process which form the liquid membrane of a penetrant remover in the whole top face of said substrate 
which received said washing process, and the desiccation process which swing OFF makes dry said 
substrate for the penetrant remover which is made to rotate said substrate where said liquid membrane is 
formed, and adheres to said substrate top face. 

[Claim 7] The substrate art characterized by having the removal process which removes the silicon oxide 
on the top face of a substrate in advance of the substrate art of claim 6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate processor and substrate art which carry out 
rotation desiccation of the substrate washed by penetrant removers, such as pure water. In addition, 
various substrates, such as a semi-conductor wafer, a glass substrate for photo masks, a glass substrate 
for liquid crystal displays, a glass substrate for a plasma display, and a substrate for optical disks, are 
contained in the "substrate" in this specification. 
[0002] 

[Description of the Prior Art] A substrate is held in the almost level condition by the substrate attaching 
part, and it consists of this kind of substrate processors so that penetrant removers, such as pure water, 
may be supplied towards a substrate top face from the nozzle arranged in the upper part location of this 
substrate attaching part. Moreover, the revolving shaft prolonged in the direction of a vertical is attached 
in the substrate attaching part, and by carrying out the rotation drive of this revolving shaft by the motor, 
in the condition of having made the substrate core and the revolving shaft mostly in agreement, it rotates, 
while the substrate attaching part had held the substrate, and the substrate is rotated. By this substrate 
rotation, the penetrant remover supplied to the substrate top face carries out centrifugal diffusion, it 
spreads round the whole substrate top face at homogeneity, and washing processing to a substrate is 
performed. Moreover, if washing processing is completed, while suspending the penetrant remover supply 
from a nozzle, the penetrant remover which the rotational frequency of a motor is increased further and 
left behind on the substrate is shaken off according to a centrifugal force, and the substrate is dried by 
this (spin desiccation). 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, when shifting to the next desiccation processing 
after performing washing processing according to a penetrant remover as mentioned above, the drop of a 
penetrant remover might exist on the substrate at non-denses. For example, when forming a low- 
temperature polish recon thin film transistor on the glass substrate for liquid crystal displays, an 
amorphous silicon layer is formed on a glass substrate, and after removing the natural oxidation film of the 
front face of the amorphous silicon layer, the laser annealing method which anneals by the laser beam and 
carries out melting recrystallization is used abundantly in recent years. Thus, since light etching processing 
of the front face of a substrate in which the amorphous silicon layer was formed is carried out. oxide-film 
removal is performed, and the amorphous silicon layer has water repellence following it in case it dries, 
washing and, the drop of a penetrant remover may become sparse on a substrate. 

[0004] And if spin desiccation of the substrate is carried out while it has been in the condition in which the 
drop of a penetrant remover remained on the substrate in this way If a drop runs a substrate top face 
during that spin desiccation, a water mark may be formed in the remains of migration of this drop and 
processing is continued as it is The fault of the property of the transistor component which the water mark 
formed owing to changing locally occurred, product quality deteriorated, and there was a problem of 
causing the fall of the yield. 

[0005] In addition, such a problem is a general problem which does not generate only when an amorphous 
silicon layer is formed on a glass substrate, produces also when the orientation film which becomes a glass 
substrate from a polyimide system ingredient etc. in the manufacture process of a liquid crystal display is 
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formed, and is produced in case washing / desiccation processing Is perfornned to the substrate with which 
the film which consists of a water-repellent ingredient was formed. 

[0006] This invention is made in view of the above-mentioned technical problem, and it aims at preventing 
that a water mark occurs during that desiccation processing in the substrate processor and substrate art 
which carry out rotation desiccation of the substrate washed by penetrant removers, such as pure water 
[0007] 

[Means for Solving the Problem] In order for this invention to be a substrate processor with which swing 
OFF dries the penetrant remover which was made to rotate the substrate which received washing 
processing at the predetermined rotational frequency for desiccation, and has adhered to said substrate 
from said substrate and to attain the above-mentioned purpose, A substrate maintenance means to hold 
said substrate, and the rotation driving means which carries out the rotation drive of said substrate 
maintenance means, It has a supply means to supply a penetrant remover towards the top face of the 
substrate held at said substrate maintenance means, and the control means which controls said rotation 
driving means and said supply means. By said control means Said rotation driving means and said supply 
means are controlled to supply a penetrant remover to the top face of said substrate from said supply 
means, and to form the liquid membrane of a penetrant remover in the whole top face of said substrate in 
advance of desiccation processing of said substrate, (claim 1). 

[0008] Thus, by constituted invention, in advance of desiccation processing of a substrate, the liquid 
membrane of a penetrant remover is formed in the whole top face of a substrate (liquid membrane 
formation processing), and the penetrant remover adhering to a substrate top face is shaken off because a 
substrate rotates while It has been in the condition that liquid membrane was formed in this way. 
Therefore, when the penetrant remover is in the liquid membrane condition after washing processing on the 
substrate top face, even if it is the case where it exists [ not to mention ] in non-denses. in case 
desiccation processing is performed, the liquid membrane of a penetrant remover is surely formed in the 
whole substrate top face, consequently generating of a water mark is prevented effectively. 
[0009] Here, although the substrate processor concerning this Invention Is equipment which performs 
desiccation processing chiefly, since it has a supply means to supply a penetrant remover to a substrate, it 
may be constituted so that not only desiccation processing but washing processing may be performed. 
Namely, what is necessary is to rotate the substrate at the rotational frequency for washing, and just to 
perform washing processing, while supplying a penetrant remover from a supply means. By carrying out like 
this, washing processing, liquid membrane formation processing, and desiccation processing can be 
performed within the same equipment, and It is efficient In addition, it is desirable to rotate said substrate 
in this case at a rotational frequency lower than said rotational frequency for washing and said rotational 
frequency for desiccation for liquid membrane formation (claim 2). 

[0010] Moreover, for liquid membrane formation, while making a penetrant remover supply from a supply 
means, It Is desirable to rotate said substrate at the rotational frequency below said critical rotational 
frequency by said rotation driving means (claim 3). Thus, while being able to control a penetrant remover 
flowing from a substrate according to the centrifugal force accompanying substrate rotation by setting the 
rotational frequency of a substrate below to a critical rotational frequency, and falling and being able to 
stop the consumption of a penetrant remover, liquid membrane can be certainly formed in the whole 
substrate top face. 

[001 1] Furthermore, although it is desirable to prepare a nozzle in order to supply a penetrant remover to a 
substrate top face, it is desirable to use what has the nozzle hole which serves as an abbreviation flat 
configuration as the nozzle in the abbreviation one direction (claim 4), and the thing (claim 5) which has 
arranged two or more nozzles to the one direction seriate. That is, according to the supply means 
constituted in this way, a penetrant remover can be supplied to a substrate in the state of band-like 
[ which is prolonged in an one direction ]. For example, when the substrate of an approximate circle form 
like a semi-conductor wafer supplies a penetrant remover from the first to a square shape substrate like 
for example, the glass substrate for liquid crystal displays, it is set A penetrant remover can be certainly 
spread over the edge section of a substrate, and it becomes possible to form uniform liquid membrane, 
controlling waste of a penetrant remover. 

[0012] Moreover, the washing process which supplies a penetrant remover to the top face of a substrate, 
and washes said substrate top face in order that this invention may attain the above-mentioned purpose, It 
has the liquid membrane formation process which forms the liquid membrane of a penetrant remover in the 
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whole top face of said substrate which received said washing process, and the desiccation process which 
swing OFF makes dry said substrate for the penetrant remover which is made to rotate said substrate 
where said liquid membrane is formed, and adheres to said substrate top face (claim 6). 
[0013] Thus, in constituted invention, the liquid membrane formation process which forms the liquid 
membrane of a penetrant remover in the whole top face of a substrate is performed between a washing 
process and a desiccation process. And at the following desiccation process, the penetrant remover 
adhering to a substrate top face is shaken off because a substrate rotates while it has been in the 
condition that liquid membrane was fornied in this way. Therefore, when the penetrant remover is in the 
liquid membrane condition after washing processing on the substrate top face, even if it is the case where 
it exists [ not to mention ] in non-denses. in case desiccation processing is performed, the liquid 
membrane of a penetrant remover is surely formed in the whole substrate top face, consequently 
generating of a water mark is prevented effectively. 

[0014] By the way, although the removal process which removes the silicon oxide on the top face of a 
substrate before washing / desiccation process may be performed as the term of "Object of the 
Invention" explained Thus, also in the substrate art equipped with the removal process, the washing 
process, and the desiccation process, the same operation effectiveness as claim 6 is acquired by 
performing the liquid membrane formation process which forms the liquid membrane of a penetrant remover 
in the whole top face of a substrate between a washing process and a desiccation process (claim 7). 
[0015] 

[Embodiment of the Invention] (The 1 st operation gestalt) Drawing 1 is drawing showing the 1 st operation 
gestalt of the substrate processor concerning this invention. This substrate processor is equipment which 
performs etching processing, washing processing, liquid membrane formation processing, and desiccation 
processing continuously in this sequence to glass substrate W for LCD (only henceforth "Substrate W"). 
The substrate attaching part 1 to which this equipment holds Substrate W as shown in drawing 1 , The 
rotation mechanical component 2 which carries out the rotation drive of the substrate attaching part 1 , and 
the up electric shielding section 3 which forms and covers the processing space S with the substrate 
attaching part 1 up side. It has the rise-and-fall section 4 which moves the up electric shielding section 3 
up and down, the cup section 5 which collects the liquids shaken off from Substrate W. the housing 6 which 
contains each each part of equipment, and the control section (illustration abbreviation) which controls the 
whole equipment. 

[0016] This substrate attaching part 1 is equipped with Substrate W. the substrate support plate 11 which 
has comparable flat-surface size, the periphery support pin 1 2 which fixes on the top face of this substrate 
support plate 11. and supports the periphery section of Substrate W. and the central support pin 13 which 
fixes on the top face of the substrate support plate 1 1 . and supports the inferior-surface-o1H:ongue center 
section of Substrate W. Moreover, the substrate attaching part 1 consists of chemical-resistant resin in 
consideration of performing etching processing. 

[0017] The periphery support pin 12 is arranged corresponding to four corners of Substrate W. Each 
periphery support pin 12 is equipped with the susceptor 121 which supports the periphery edge of 
Substrate W from a lower part, and the guidance standup side 1 22 which regulates migration of Substrate 
W in contact with the periphery end face of the substrate W supported by susceptor 121, and is supporting 
the periphery section of Substrate W by four places. In addition, by drawing 1 , in order to avoid that a 
drawing becomes complicated, only two periphery support pins 12 are shown. Moreover, the central 
support pin 13 is arranged at four substrate support plates 1 1 corresponding to the center section of 
Substrate W. 

[0018] Moreover, a cylinder axis 21 consists of hollow tubed members, and the liquid nozzle 16 is arranged 
along the core. And the liquid supply pipe 161 penetrated and the upper limit of this liquid supply pipe 161 
has attended the inferior-surface-of-tongue center section of Substrate W. and it is constituted by the 
liquid nozzle 16 so that processing liquid (a drug solution and penetrant remover) can be supplied near the 
center of rotation of the inferior surface of tongue of Substrate W from the nozzle hole 1 62 prepared in the 
upper limit section. In addition, pure water etc. is used as a penetrant remover here. 

[0019] Furthermore, a cylinder axis 21 faces and extends in opening of the substrate support plate 11. and 
opening of the exhaust port 17 is carried out by being located in the bottom to the substrate support plate 
11. Moreover, the gap of a cylinder axis 21 and the liquid nozzle 16 is constituted so that piping 86 may be 
wide opened by the atmospheric pressure ambient atmosphere through flow control valve 86a. And in an 
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exhaust port 17, Ayr from an atmospheric pressure ambient atmosphere is breathed out from the gap of 
the side face of this liquid nozzle 16, and cylinder-axis 21 inner skin. Moreover, it is formed in the point of 
the liquid nozzle 16 in the shape of a cross section of T characters, and opening of the nozzle hole 162 of 
processing liquid is carried out to the center section of the flat top face. 

[0020] Free passage connection of the liquid nozzle 16 is made at piping 80. The end face section of this 
piping 80 has branched to two, free passage connection of the drug solution source of supply 81 is made at 
the 1st branch-line 80a, and free passage connection of the pure-water source of supply 82 is made at the 
2nd branch-line 80b. The closing motion valves 83a and 83b are formed in each branch lines 80a and 80b, 
respectively. And closing motion valve 83b is opened according to the closing motion command from a 
control section, and by closing closing motion valve 83a, a penetrant remover is fed by the liquid nozzle 1 6 
through piping 80, and is supplied towards the inferior surface of tongue of Substrate W from the nozzle 
hole 162 of the liquid nozzle 16. Moreover, closing motion valve 83a is opened according to the closing 
motion command from a control section, and a drug solution can be supplied now towards the inferior 
surface of tongue of Substrate W by closing closing motion valve 83b from the nozzle hole 162 of the liquid 
nozzle 16. 

[0021] Moreover, while the gas supply way 163 is formed in the liquid nozzle 16, free passage connection is 
made through the piping 84 in which closing motion valve 84a was prepared at the gas source of supply 85, 
and the lower limit section is constituted so that pure gases, such as pure air and pure inert gas (nitrogen 
gas etc.), can be supplied to the space between the inferior surfaces of tongue of the substrate support 
plate 1 1 and Substrate W from the delivery of the upper limit section of the gas supply way 1 63. 
[0022] Moreover, between the cylinder axis 21 and the liquid nozzle 16, it is constituted so that piping 86 
may be wide opened by the atmospheric pressure ambient atmosphere through flow control valve 86a. And 
the space between the substrate support plate 1 1 and Substrate W is open for free passage through 
opening 19, and the air in a gap can discharge the gap of a cylinder axis 21 and the liquid nozzle 16 to this 
space. 

[0023] The motor 23, the belt device 22. etc. are held in the casing 62 of the shape of a cylinder 
established on the base member 61 as a bottom plate of this substrate processor. It connects with the 
peripheral face of a cylinder axis 21 through a bearing 63, and this casing 62 will be in a wrap condition 
about a cylinder axis 21. That is, it considers as the condition of having covered the perimeter of the 
cylinder axis 21 until just before connecting with the substrate support plate 11 from a motor 23 by casing 
62, and having also covered with covering the motor 23 caudad attached in the cylinder axis 21 in 
connection with this. Thus, with the 1st operation gestalt, the rotation mechanical component 2 equipped 
with a motor 23 and the belt device 22 is functioning as a "rotation driving means" of this invention, and 
does actuation and a halt of according to the operating sequence later mentioned according to actuation / 
halt command from a control section. 

[0024] The up rotor plate 31 is arranged so that the substrate support plate 1 1 may be countered on both 
sides of Substrate W, and the up electric shielding section 3 moves up and down by the rotor plate 
elevator style 41 of the rise-and-fall section 4. Besides, the section rotor plate 31 is presenting the shape 
of a ring so that the periphery field of Substrate W may be covered, and big opening 31a has opened it in 
the center section. And as for the perimeter of opening 31a, the liquid nozzle 33 which supplies a drug 
solution and a penetrant remover on the auxiliary electric shielding device 32 and the top face of Substrate 
W is formed free [ vertical migration ] so that bridge wall 31b may be set up in the shape of a cylinder and 
opening 31a may be closed in this bridge wall 31b. And these auxiliary electric shielding device 32 and the 
liquid nozzle 33 move up and down independently by the auxiliary electric shielding elevator style 42 of the 
rise-and-fall section 4, respectively. For this reason, if the auxiliary electric shielding device 32 and the 
liquid nozzle 33 are dropped to the substrate support plate 1 1 side and the auxiliary electric shielding 
elevator style 42 closes opening 31a while dropping the up rotor plate 31 to the substrate support plate 1 1 
side by the rotor plate elevator style 41 and making the up rotor plate 31 support by the periphery support 
pin 12, the processing space S across which it faced with the substrate support plate 1 1 will be formed. 
Moreover, only the liquid nozzle 33 is moved to the right above location of Substrate W if needed, and 
supply of processing liquid is enabled from point-blank range at Substrate W. 

[0025] The nozzle hole 334 is arranged by the liquid nozzle 33 towards this processing space S. And a drug 
solution and a penetrant remover are alternatively switched like the liquid nozzle 16 side, and the top-face 
center section of Substrate W can be supplied now. That is, the liquid supply pipe 332 penetrates to the 
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centrum of the liquid nozzle 33, and it is constituted so that processing liquid (a drug solution and 
penetrant remover) can be supplied near the center of rotation of the top face of the substrate W held 
from the lower limit section at the substrate support plate 1 1 . Free passage connection of this liquid supply 
pipe 332 is made at piping 87. And the end face section of this piping 87 has branched to two. free passage 
connection of the drug solution source of supply 81 is made at the 1st branch-line 87a, and free passage 
connection of the pure-water source of supply 82 is made at the 2nd branch-line 87b. The closing motion 
valves 88a and 88b are formed in branch lines 87a and 87b, respectively. And closing motion valve 88b is 
opened according to the closing motion command from a control section, and a penetrant remover is 
supplied towards the top face of Substrate W from the nozzle hole 334 of the liquid nozzle 33 by closing 
closing motion valve 88a. Moreover, closing motion valve 88a is opened according to the closing motion 
command from a control section, and a drug solution can be supplied now towards the top face of 
Substrate W by closing closing motion valve 88b from the nozzle hole 334 of the liquid nozzle 33. 
[0026] Moreover, the clearance between the inner skin of the liquid nozzle 33 and the peripheral face of 
the liquid supply pipe 332 serves as the gas supply way 333. Free passage connection is made through the 
piping 89 in which closing motion valve 89a was prepared at the gas source of supply 85, and this gas 
supply way 333 is constituted so that a pure gas can be supplied to the space between the top faces of 
the up rotor plate 31 and Substrate W from the lower limit section of the gas supply way 333. Thus, the 
"supply means" of this invention is constituted from the 1 st operation gestalt by the liquid nozzle 33 and 
the liquid supply pipe 332. 

[0027] Next, it explains, referring to drawing 2 about actuation of the substrate processor constituted as 
mentioned above. 

[0028] In this substrate processor, if the unsettled substrate W is carried in to the processing space S by 
the carrier robot and is laid in the substrate attaching part 1, Substrate W will be held by the periphery 
support pin 12 of the substrate attaching part 1. In this way, if a carrier robot evacuates from the 
processing space S while substrate maintenance is completed, when a control section controls each part 
of equipment according to the program memorized beforehand in the memory (illustration abbreviation) of a 
control section, each part of equipment will operate as follows, and will perform the etching processing and 
washing processing to Substrate W, liquid membrane formation processing, and desiccation processing. 
[0029] Next, the substrate support plate 1 1 begins to rotate, a motor 23 starting to the predetermined 
timing T1, and holding Substrate W. And rotation of the substrate support plate 11 is accelerated and it 
moves to constant speed control in the time T2 of a rotational frequency becoming the predetermined 
value P2, i.e., timing. And a drug solution is supplied from the liquid nozzles 1 6 and 33 towards the vertical 
side of Substrate W from timing T2 to timing T3, and etching processing is performed. 

[0030] etching processing — completing (timing T3) — the switching condition of the closing motion valves 
83a, 83b, 88a, and 88b is changed, it replaces with a drug solution from the liquid nozzles 1 6 and 33, and a 
penetrant remover is supplied to the vertical side of Substrate W. While a penetrant remover is supplied to 
the vertical side of Substrate W by this, it rotates at the rotational frequency P2 for washing to which 
Substrate W fitted washing processing, and washing processing is started. And moderation control is 
carried out and a motor 23 moves to constant speed control in the time of the rotational frequency of 
Substrate W turning into the rotational frequency PI (PKP2) for liquid membrane formation suitable for 
the next liquid membrane formation, i.e.. timing T four, just before timing T four which washing processing 
completes. 

[0031] In this timing T four, the supply of a penetrant remover on the inferior surface of tongue of 
Substrate W from the liquid nozzle 1 6 is suspended. On the other hand, although the supply of a penetrant 
remover on the top face of Substrate W from the liquid nozzle 33 is continued to timing T5, this is for the 
next liquid membrane formation. 

[0032] Supplying a penetrant remover to the top face of Substrate W as mentioned above from timing T 
four before timing T5, Substrate W is rotated at the rotational frequency PI for liquid membrane formation, 
and the liquid membrane of a penetrant remover is formed in the whole top face of Substrate W of this, the 
rotational frequency of the substrate W which becomes almost the same [ the centrifugal force which acts 
on the penetrant remover adhering to Substrate W when rotating the substrate W held at the substrate 
attaching part 1 , and the surface tension of the penetrant remover in the edge section of Substrate W ] as 
"the rotational frequency for liquid membrane formation" here — the same as that of the critical rotational 
frequency PT, or it — it is set up low. Thus, while a penetrant remover can control flowing and falling from 
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Substrate W and can stop the consumption of a penetrant remover according to the centrifugal force 
accompanying substrate rotation by setting up the rotational frequency PI for liquid membrane formation, 
liquid nnembrane can be certainly formed in the whole top face of Substrate W. In addition, about the 
critical rotational frequency PT, although it changes mutually with factors, such as a class of the magnitude 
of Substrate W. a configuration, and the maximum episporium currently formed in Substrate W. and a class 
of penetrant remover. It can ask by the numerical analysis based on these factors, or experiment 
[0033] liquid membrane formation processing ~ completing (timing T5) — while the supply of a penetrant 
remover on the top face of Substrate W from the liquid nozzle 33 is suspended, a motor 23 is raised to the 
rotational frequency P3 (P3>P2> PI) for desiccation to which acceleration control was carried out and the 
rotational frequency of the substrate support plate 1 1 was suitable for desiccation processing. 
Consequently, the penetrant remover which formed liquid membrane on the top face of Substrate W is 
shaken off from the substrate edge section. If it explains in more detail, the abbreviation core of Substrate 
W will serve as a desiccation field first at the time of desiccation processing initiation. And with advance of 
substrate processing, the desiccation field spreads in the shape of an approximately concentric circle 
centering on the revolving shaft of a motor 23. the whole substrate surface serves as a desiccation field 
soon, and desiccation processing to Substrate W is performed. Then, rotation of the substrate support 
plate 1 1 will be slowed down, a rotational frequency will become zero to timing T6. it will be in a rotation 
idle state, and desiccation processing is completed. 

[0034] As mentioned above, since according to the 1 st operation gestalt liquid membrane formation 
processing which rotates Substrate W and forms the liquid membrane of a penetrant remover in the whole 
top face of Substrate W is performed, supplying a penetrant remover to the top face of Substrate W in 
advance of desiccation processing after performing washing processing to Substrate W. the following 
operation effectiveness is acquired. That is. with the conventional technique, since desiccation processing 
might be performed in the condition that the drop of a penetrant remover exists in the top face of 
Substrate W at non-denses after performing washing proces*sing to Substrate W, the water mark might 
occur on the top face of Substrate W. and the product yield might fall to it On the other hand, in order 
according to the 1st operation gestalt to always supply a penetrant remover to the top face of Substrate W 
and to form liquid membrane in the whole top face of Substrate W even if the drop of a penetrant remover 
is formed on a substrate top face after performing washing processing, it is lost that the drop of a 
penetrant remover remains in the top face of Substrate W at non-denses. and it becomes, without a water 
mark occurring in desiccation processing. Therefore, when performing desiccation processing, the problem 
of generating of the water mark about which we were most anxious is solved, fault stops occurring in the 
process performed after desiccation processing, and the fall of the product yield can be suppressed. 
[0035] (The 2nd operation gestalt) Drawing 3 is the partial enlarged drawing showing the 2nd operation 
gestalt of the substrate processor concerning this invention, this drawing (a) is an expanded sectional view 
of the liquid nozzle which counters the top face of Substrate W and is arranged, and this drawing (b) is a 
top view which looked at the liquid nozzle from the lower part. 

[0036] The point that the 2nd operation gestalt is greatly different from the 1st operation gestalt is only 
the tip structure of the liquid nozzle 33, and other configurations are the same. So. the description of the 
2nd operation gestalt is explained in full detail below here, contrasting with the 1 st operation gestalt 
[0037] With the above-mentioned 1st operation gestalt. since Substrate W is rotated at the rotational 
frequency PI for liquid membrane formation and the liquid membrane of a penetrant remover is formed in 
the whole top face of Substrate W. supplying a penetrant remover to Substrate W. when the nozzle hole 
334 is made circular, the penetrant remover supplied near the center of rotation of the top face of 
Substrate W from this nozzle hole 334 at punctiform spreads in the shape of an approximately concentric 
circle. Although what is necessary is just to suspend penetrant remover supply here when Substrate W is a 
substrate of an approximate circle form like a semi-conductor wafer, and the periphery section of the 
penetrant remover which spreads in the shape of an approximately concentric circle reaches the edge 
section of an approximate circle form substrate When Substrate W is a square shape substrate, it is 
necessary to make penetrant remover supply continue until the edge section carries out centrifugal 
diffusion to the four corners of Substrate W, and the penetrant remover which reached the side section of 
Substrate W between them will be shaken off from Substrate W. and will be consumed vainly. 
[0038] So. when forming liquid membrane especially to the square shape substrate W, it is desirable to 
constitute the nozzle hole 334 as shown in drawing 3 (b). That is, the configuration of the nozzle hole 334 
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is elliptical (abbreviation flat configuration), and rotating at the rotational frequency PI for liquid membrane 
formation in liquid membrane formation processing, it consists of 2nd operation gestalten so that a 
penetrant remover can be supplied near the center of the top face of Substrate W. 
[0039] Thus, it not only has the same operation effectiveness as the 1st operation gestalt, but with the 
constituted 2nd operation gestalt, it has the following characteristic operation effectiveness. Since the 
configuration of the nozzle hole 334 is elliptical, a penetrant remover can be made to reach the four 
corners most distant than the center of Substrate W by the regurgitation of the penetrant remover from 
the nozzle hole 334 with the 2nd operation gestalt. Moreover, a penetrant remover can be spread over all 
the four corners of Substrate W, without shaking off a penetrant remover from Substrate W because the 
substrate support plate 1 1 rotates at the rotational frequency PI for liquid membrane formation. 
[0040] (The 3rd operation gestalt) Drawing 4 is the partial enlarged drawing showing the 3rd operation 
gestalt of the substrate processor concerning this invention, this drawing (a) is an expanded sectional view 
of two or more liquid nozzles which counter the top face of Substrate W and are arranged, and this drawing 
(b) is a top view which looked at two or more liquid nozzles from the lower part. 

[0041] The point that this 3rd operation gestalt is greatly different from the 1st operation gestalt is only 
that there are two or more liquid nozzles, and other configurations are the same. So, the description of the 
3rd operation gestalt is explained in full detail below here, contrasting with the 1 st operation gestalt. 
[0042] In order to draw equally the penetrant remover supplied from the nozzle hole to the four corners of 
Substrate W, three liquid nozzles 335 are arranged to an one direction seriate, and as shown in drawing 4 , 
it consists of 3rd operation gestalten so that a penetrant remover can supply the top face of Substrate W 
band-like. 

[0043] Thus, it not only has the same operation effectiveness as the 1 st operation gestalt, but with the 
constituted 3rd operation gestalt, the same operation effectiveness as the 2nd operation gestalt is 
acquired. That is, a penetrant remover can be made to reach the four comers most distant than the center 
of Substrate W by the penetrant remover supplied to the top face of Substrate W serving as band-like, and 
supplying it from two or more nozzle holes 336. Moreover, a penetrant remover can be spread over all the 
four corners of Substrate W, without shaking off a penetrant remover from Substrate W because the 
substrate support plate 1 1 rotates at the rotational frequency PI for liquid membrane formation. 
[0044] In addition, this invention can make various change in addition to what was mentioned above unless 
it is not limited to the above-mentioned 1st, 2nd, and 3rd operation gestalt and deviated from the meaning. 
For example, although the configuration of the nozzle hole 334 is made elliptical with the 2nd operation 
gestalt, if the configuration of a nozzle hole is an abbreviation flat configuration which is not limited to this 
and prolonged in an one direction, what kind of configuration is sufficient as it. Moreover, although three 
liquid nozzles are prepared, the number of a liquid nozzle is not limited to this and you may make it prepare 
it in 2 or 4 or more with the 3rd operation gestalt Moreover, a nozzle train is not limited to a single tier, 
either and is good as for a method of two or more successive installation ****. 

[0045] Furthermore, although this invention is applied with the above-mentioned operation gestalt to the 
substrate processor which performs not only desiccation processing but etching processing and washing 
processing, the candidate for application of this invention is not limited to this, and can apply this invention 
also to the substrate processor which performs only desiccation processing, or the substrate processor 
performed in washing processing in advance of desiccation processing. Moreover, when applying this 
invention to the substrate processor which performs washing processing within the same equipment in 
advance of desiccation processing, after washing the vertical side of a substrate like the above-mentioned 
operation gestalt washes only the top face of a substrate instead of the requirements for an indispensable 
configuration of this invention, this invention is applicable also to the substrate processor which carries out 
spin desiccation of the substrate. 
[0046] 

[Effect of the Invention] Since it constitutes in advance of desiccation processing as mentioned above 
according to this invention so that the liquid membrane of a penetrant remover may be formed in the whole 
top face of the substrate which received washing processing, it can prevent that desiccation processing 
will be performed where liquid membrane is always formed in the whole substrate top face, and prevent 
drop generating of the penetrant remover under desiccation processing, and a drop runs the top face of a 
substrate during that desiccation processing. Consequently, during desiccation processing, it can prevent 
that a water mark occurs and the fall of the product yield can be suppressed. 
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^H{cJ;t)taS{c^«:-2)^>©-C*S3!i^ cne>©SHK: 

[ 0 0 3 3 ] jgMJfMiftadJ^T^-S (f-/5>i'T 
5) i. jS^X;U3 3*>6»«W©±®'^©i5t?^ffi?©tt 

*&*jf?±sn-5<bifeK:. 2 3«ftna$ijai3n-c 
1 1 ©i9i^^*i$^Ma«:iii//c$asffla<£ 
ll!:P3(P3>P2>p i)S-ciiiJ?)^ns, ^©|gm. 

agajsssf ccfct^r «ssw©Kni3-i:xgp*i^jg$iiS i 
•5. -eur. a«ftis©iitf«:{4^->r. ^E-©iaftM«*« 

*-dr2 3©|pll^*ttJ*Dil/T:BS|lI.C»Rtli;«:j2:*lor 



9 

^^m^mamijiti^. ^tom. m^mm i©@ 
[0 034] j£t±c?>j:^{c. mimmmmic^rnt. m 

^xnM!imin^ctifi$>r>tctc^. mm^<D±mK. 
^*~^-7~i;im^hx. ^ffa^^itrnT-r^cb. 

iyfcifir,x. ^mm^n^iSi^K.Wii>m^$fxx 

[0035] (IS2^JgffJ^)a3 C<DmHCt^1}^i 

1^0 (a) ««^©±ffltcS5ti^]b-riegsns?g-'X 
hmc^mmxih^. 

[0036] m2mmfmi)m 1 mmmti^^ < 
[0037] ±tai9 1 sfttej^^-ctt, a«w«ci5t^j«* 

-C. -^XjU?L3 3 4«:Rfl^tly/c^. CW^XJl/TLS 
W. BSl5I'C^P3tttc|[^*i-5-Cl><gtM!^^R©^1■^g|5*iBgnJfJ 40 

a«©isgi»aj«:iii» 0 /c^*-ci5t^«?««&*(?±t-n« 
©^^gB3e)5SSw©raK* ■cM'l:^^^;t^(t--5 * -cjjt^js^ 

[ 0 0 3 8 ] •^c-r, ittK:ftss«w«:>itL/r«S*J^ 
m.ti>m-^tic\t^ 03 (b) ^^•rJ:^)Jc^X;l/?L3 3 
4*«fiS-rs©*«li*U». -TJ&iD^. m2S66fiJgJ!g-C 
«. ^X;l/?L3 3 4©Jg«;*s«RJ^ (BSM^J^t?;) tC 50 



#ra2 0 03 - 17 46 1 
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1 xmt^Li3:ifihm£v<o}M<o^^mcm»m.^^ 

[0039] C©J; ^K:^fiS$n/c»2||]|Sf$,^rtt. 
»i»SfiJf^.^<b|eI«©f^ffl5a^*W^^>©.^&6-r> 
©<fc5^c#*f©f¥ffl«!)«*Wlx-cc>4. |l2IU6J^Jg-r? 
«. ^ X;U7L 3 3 4 ©jm^A^ffiFJJf^JCiS: o r S/c 
^X;l'?L3 3 4*^6©j5fejtjS©ti:aK:J;0. »ffiW 

1 1 ifiwjmmmmt.p i -cia 
K-r * c <t m^?s«r««w*:' hm'o'm^z.tui.mm 
w©Egps^-c(c?5fcj*ffi?rtf c ^tsj-c^ -s. 

[0040] (m^wmmm^^s-^ c<Dm^K.tp>ifii, 
mimmmfoms mmm^m-r^^-xmx»> 0 . 

1510 (a) «S«W©±ffi{CSSf|6jL/-Cffig3n-51tf^© 
?«>'X;l/©ifc«c»rEH-r*0. 1^0 (b) »1®St©St>' 
XJl'*T:^*i6M/c^M0-C* -5. 

[004 1] c©03*js?gsg*5» 1 mmmt-K^ < 
^©fte©^fiK«ig— -c^-s, -e-c-c> cc-c{*. mil 

[0 042] ^3 j|ifiJf5!Sgt?». ^X;U?L*>^«if&$tl 
/c?5fe?^<K*SSW©E3ra* Xi^^icm < fcJsf){C. 04 K 
Tj^-r J; ^ tc. 3 *©^>'X;i/3 3 5 :^i$i«:5>Jt^e{cffi 
JiJur. j5fe^?R3&JS1!itW©±ffi«:^«:«*&r#4<fc5 

[0043] c©j; 5 (c^fiss n/■cS^3ll^SJ^.®r«. 

^lSlifi0Siiig«©f^fflJ8!**#^4©*!Q:6-r. W 

©^x;u?L3 3 6i)^bmmf(o±mt>cm&sixi>m^m 

1 1 a^mmm^mMi&mp i -cm^-r 
c i xiffc^m.imwffiP^mK) w^s c i^c < s®w©h 

[0 04 4] ^c*J> *^HJW±tBUfcmi . Il2*jj:iyf 
03^JKSI«:iR^3n-5fc©-c»%<. -e©ffii:%ja 

X;b?L3 3 4©jm^«r«nj&yi(CUri,»-5*s« yXJl'?L 

0mmictiK.fm.tstii> *>©t?ttft < . — ::^(c!@io' 
i>BSmm}Wj:h^<Oj:^tj:m^Xi>J;:i,\ tfc. ms 

mmmBxit. s^w^^x^i-^aiwrcis**. ?gyx 

^U©:*1^f3:cn{CKgS3nSt©-C««c< . 22|E&St,> 
«4*m±«:ia:i:f5a:^K:o-cfeJ:o». Sfc. vX;!/?!] 

LXh^i.K 

[ 0 0 4 5 ] 3 6{c. ±iaiifi50ss-c«. 9&mm<D» 
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■5. 15/c. iatii2M{C5feiZ:-3t:i3t?fl^iaS*lBl— ilSF*i-T? 
[0046] 



12 
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